The KinG database is a comprehensive collection of serine/threonine/tyrosine-speci®c kinases and their homologues identi®ed in various completed genomes using sequence and pro®le search methods. The database hosted at http://hodgkin. mbu.iisc.ernet.in/~king provides the amino acid sequences, functional domain assignments and classi®cation of gene products containing protein kinase domains. A search tool enabling the retrieval of protein kinases with speci®ed subfamily and domain combinations is one of the key features of the resource. Identi®cation of a kinase catalytic domain in the user's query sequence is possible using another search tool. The occurrence and location of critical catalytic residues if the query has a catalytic kinase domain, recognition of non-kinase domains in the sequence and subfamily classi®ca-tion of the kinase in the query will help in deciphering the biological role of the kinase. This online compilation can also be used to compare the protein kinases of a given subfamily and domain combinations across various genomes. Another exclusive feature of the database is the collection of the Ser/Thr/Tyr protein kinases and similar sequences encoded in the genomes of archaea and bacteria.
INTRODUCTION
Protein kinases comprise one of the largest families of soluble proteins in eukaryotic genomes. They catalyse the phosphorylation of several cellular proteins on Ser/Thr/Tyr residues altering their functional properties. They are hence central to cellular signalling networks that co-ordinate various activities like metabolism, stress response, transcription, translation, DNA replication and cell cycle control, development of organs, neuronal signalling and apoptosis (1±4). Improper functioning of these enzymes is often manifested in various human diseases and has been implicated in several malignancies (5, 6) .
Association of the kinase domain with various proteins or non-kinase domains within the same gene product tightly regulates the activity of protein kinases. Hence the noncatalytic domains of protein kinases are critical to our understanding of their biological roles.
The assessment of the diversity and distribution of this important class of enzymes is possible with the availability of large numbers of completely sequenced genomes. This database therefore aims to serve as an online resource for protein kinases identi®ed in the completed genomes. A detailed listing of the domain combinations of protein kinases and their classi®cation is provided for genomes of individual organisms. The database is currently restricted to Ser/Thr/Tyrspeci®c protein kinases and their homologues and does not include histidine kinases and other classes of protein kinase.
The database therefore adds to the list of existing online resources for protein kinases like Protein Kinase Resource (7: http://pkr.sdsc.edu/html/index.shtml) and http://www.kinase. com. The key features of our database not easily extractable in other databases include the listing by subfamily of protein kinases of an organism with their functional domain assignments. A tool for extraction of protein kinases with speci®ed subfamily and domain combinations is also available. Further unique tools available in KinG include automatic identi®ca-tion of a given query sequence as a kinase (or not) and provision of the location of catalytic residues, associated domains and subfamily classi®cation. This database is therefore expected to be useful to a large community of researchers working on various aspects of the molecular basis of signal transduction by protein kinases.
GENOME-WIDE ASSIGNMENTS
The database currently contains the collection of protein kinases and associated information for ®ve completed eukaryotic genomes including those of Saccharomyces cerevisiae, Caenorhabditis elegans, Drosophila melanogaster, Homo sapiens and Arabidopsis thaliana. In addition protein kinases and similar sequences of eight archaeal genomes and 27 bacterial genomes are provided. The translated ORFs of various genomes have been obtained from publicly available resources including the NCBI (http:// ncbi.nlm.nih.gov/), Ensembl (http://www.ensembl.org/), MIPS (ftpmips.gsf.de/cress/arabiprot/), WORMPEP (http:// www.sanger.ac.uk/projects/C_elegans/wormpep) and FLY-BASE (http://¯ybase.bio.indiana.edu/). The protein kinases in each of these genomes have been identi®ed using various sensitive sequence and pro®le search methods like PSI-BLAST (8), HMMER-2 (9), and reverse position speci®c BLAST (RPS-BLAST) (8) with e-value cut-offs of 0.0001, 0.1 and 0.0001, respectively. The strategies followed to identify a kinase, its functional nature or otherwise and the subfamily assignment are the same as described in our paper on kinases encoded in the human genome (10 (14) and other kinases with distinct domain composition compared with their eukaryotic homologues. This genome-wide distribution information can therefore be used to get an insight into the representation of each kind of protein kinase in various genomes.
SEARCH TOOLS

Domain composition and subfamily-based search
This interface enables the user to search within KinG for protein kinases with a speci®ed combination of domains and/ or associated with a particular subfamily. The user can choose the domains from the Pfam (13) functional domains assigned to the protein kinases in the database. A subfamily could be selected from the list of various protein kinases derived from the Protein Kinase Resource (7: http://pkr.sdsc.edu/html/ index.shtml). Furthermore, the user can download the individual amino acid sequences of the various protein kinases that meet the user search criteria. Links to domains and subfamily associated with each gene product returned as a result of the search, provide the broad functionality of the domain and subfamily. The putative biological roles of these various protein kinases and the likely signalling pathway in which a given kinase may be involved in can be inferred from the information retrieved on the kinase subfamily and associated domains.
Identi®cation of protein kinase and associated domains
A second component of the database could be used to identify a catalytic kinase domain in the users' query sequence. RPS-BLAST is used to scan the query sequence across a library of various kinase subfamily pro®les created using PSI-BLAST. The search returns results indicating the presence or absence of the kinase catalytic domain in the query sequence. The most critical features of the functional kinase catalytic domain are the glycine-rich loop involved in binding to ATP and the catalytic base (an aspartate residue) required for the phosphotransfer reaction. Details regarding the location, extent of conservation of these key functional residues and the associated subfamily are speci®ed in the results if the sequence shares similarity with any known kinase catalytic domain. The query sequence containing the catalytic base is further categorized as an`RD' or`non-RD' kinase, based on the presence or absence of arginine preceding the catalytic base (aspartate). The requirement for phosphorylation in the activation segment of most of the`RD' kinases for regulation has been suggested previously by Johnson et al. (15) . The occurrence of other functional domains for a kinase-catalytic-domain-containing query could be investigated by a RPS-BLAST-based search, in a library of protein domains derived from Pfam (13) or SMART (16) . The multiple sequence alignments of protein domains compiled in the SMART database has been obtained from the Conserved Domain Database (CDD) (17) for the generation of pro®les searchable by RPS-BLAST. The user can further check for the functional domains present in the query sequence to get more complete information about the roles of the given kinase. These various features of the query sequence as suggested from the results of the search could be used to understand the gross biological role of the kinase.
IMPLICATIONS OF DOMAIN COMPOSITION AND SUBFAMILY ASSIGNMENT TO THE KINASE DOMAIN
The in¯uence of associated functional domains on the activity of protein kinases has been revealed by earlier studies (18, 19) . Domain compositions are often conserved in a given subgroup of protein kinases indicating that they share common function and modes of regulation. The absence of a particular functional domain or a given subgroup of kinases in any organism would therefore suggest the lack of the functionality associated with the domain. Such inferences could be drawn by comparison of the domain combination of protein kinases across various genomes. For example, the regulator of Gprotein signalling (RGS), a GTPase activating protein domain, is associated with G-protein-coupled receptor kinases (GRKs) (Fig. 1a) . In addition to phosphorylation of the G-proteincoupled receptors by GRKs, leading to their desensitization, the RGS domains of GRKs help in restoring the heterotrimeric state of G-proteins, to check downstream signalling events. However, none of the protein kinases identi®ed in S.cerevisiae has an RGS domain, suggesting the absence of GRK-mediated deactivation of G-proteins in this organism. Similarly a search for protein kinases with ubiquitin or other ubiquitin-associated domains like UBA and U-box reveal a set of protein kinases (Fig. 1b) of distinct subfamilies in various genomes, suggesting the in¯uence of ubiquitination in signalling pathways mediated by these protein kinases.
The KinG database therefore provides a platform to investigate the functional roles of protein kinases in completed genomes. It would also help the user in understanding the biological role of a protein kinase sequence of speci®c interest in great detail. The information on protein kinases in the database will be updated with the availability of complete genome information for other model organisms and also with the increase in the knowledge of the protein families derived from databases such as Pfam and SMART.
